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Abstract 

The lightcone formalism including SU(3) breaking effects for the light pseudoscalar mesons is 
studied using soft-collinear effective theory (SCET), where the conformal symmetries needed for 
the expansion can be clearly implemented. The lightcone distribution amplitudes (LCDAs) are 
well-defined at each order in the SCET power counting, A. Relations between the LCDAs are 
reproduced using the SCET formalism. Treating the SU(3) breaking perturbatively, the leading 
breaking effects can be described in a simple manner. As a result, a new relationship among the 
LCDAs for the light mesons vr, K, and r/ is developed, valid to leading order in the SU(3) breaking. 
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I. INTRODUCTION 



Processes which include an energetic hght meson in the initial or final state are often 
described by factoring the long distance interactions of the light meson into a lightcone 
distribution amplitude (LCDA). The LCDA depends on the large momentum fractions of 
the partons inside the light meson. Power counting is achieved using a twist expansion on 
the lightcone. Due to the conformal symmetry on the lightcone (see e.g. the form of 
the LCDA can be expanded in an infinite series of polynomials with definite conformal spin. 
The coefficients of the series do not mix at one-loop order. Assuming the series converge, the 
nonperturbative physics can be described by the first few coefficients, which can hopefully 
be extracted from experiment. 

Soft-coUinear effective theory (SCET) I2I, [sl was developed to describe processes that 
include highly energetic coUinear particles interacting with soft degrees of freedom, precisely 
the situation discussed above. Factoring the coUinear and soft degrees of freedom is achieved 
in SCET by a field redefinition. To obtain the effective theory, first hard degrees of freedom 
with the offshellness ~ are integrated out, and operators in full QCD are matched 
onto SCET systematically in powers of A ~ Aqcd/Q- The Wilson coefficients for the SCET 
operators give the perturbative hard parts of the interaction, while the matrix elements of 
the SCET operators are nonperturbative functions describing the long distance interactions. 
For example, at leading order in A, the pion form factor F^^^ is 

\ 7?ir \3 



Fn^ = ^ Th(,Q,u) 

= U [ duTniQ^u) (t)^{u), (1) 

JO 

where A^ is a Gell-Mann matrix with normalization Tr[A'^A''] = 25"'', the lightcone vector 
and satisfy = = and n -n = 2, and V = n ■ V is a. derivative operator giving the 
large label momentum in the n-direction from the coUinear fields. is a coUinear Wilson 
line defined as 

W{x) = exp (^-9=n ■ = P exp (^ig J dsn ■ A„(sn'^)^ , (2) 

where P represents the path-ordered integral. In Eq. ([T]), we used the definition of the 
leading LCDA in SCET 

-tU^<PM = {ALW6(u-^)^^,^W^U0), (3) 
which in coordinate space is equivalent to 

kAlnW{x)\^,^^Uvm = -^U^ £ due^-^^^-^^^y^Mu). (4) 

We have defined the momentum fraction u = 1 — u, and the coordinate and y'^ are on the 
same lightcone such that x^ = xn^, = yn^ (this notation will be used throughout this 
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paper). As can be seen from Eq. ([2]), the multiplication of the coUinear Wilson lines W{x) 
and W'^ly) is simply interpreted clS cL Wilson link 



[x,y] = W{x)W\y) = PexpU^f J 



dsn ■ An{sn^ 



(5) 



The matrix element of SCET is well-defined and can be compared to the leading twist LCDA 
in full QCD. 

Although LCDAs in full QCD are well-defined using the twist expansions, the formalism 
can be quite difficult to apply to higher order processes. SCET may be a useful here since 
the factorization can be simply obtained. Furthermore, there are useful constraints on the 
SCET operators using the gauge symmetries and reparameterization invariance (RPI) 
jil of SCET. The remarkable point is that the twist expansion of the lightcone formalism 
in full QCD is equivalent to the power expansion of A in SCET. As investigated in Ref. j^, 
it is possible to give one-to-one correspondence between the matrix elements in SCET and 
the lightcone formalism at any order in A. Thus the matrix elements of subleading coUinear 
operators in SCET automatically give the higher-twist LCDAs. 

Flavor SU(3) is a good symmetry for the hard kernels of factorized high-energy processes, 
because SU(3) breaking effects are usually suppressed by at least 1/Q. However in nonper- 
turbative functions, such as LCDAs for K and Bg, the SU(3] breaking where ^ mu,d 
can be large and a main source of hadronic uncertainties [7|. With the rough estimate 
"^s/^QCD ~ 0.3, there are significant corrections to the SU(3) limit. Furthermore, in the 
heavy quark limit (mg oo) or the large energy limit [E oo), these SU(3) breaking cor- 
rections do not vanish, so SU(3) corrections must be treated differently than the expansions 
in l/mg or 1/E. Previous studies of SU(3) breaking effects on LCDA for light mesons have 
been considered in the framework of lightcone sum rule (LCSR) j^, 0] and chiral perturba- 
tion theory (ChPT) 
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The results are important to precise predictions of exclusive 
hadronic B decays [1^ and recently developed semi-inclusive hadronic B decays 13 . 

The SU(3) breaking effects can also be studied systematically using SCET. For conve- 
nience we keep only the strange quark mass ignoring u and d quark masses in the SCET 
Lagrangian. In this case the breaking effects come from the following quark mass terms in 
SCET Lagrangian [3| 



m in 



n 



iD 



(6) 



where the covariant derivative for the coUinear field has been defined and power-counted as 



= {V + gn-An)— + {V^ + gA^^^^) + {n-V + gn- (7) 
= C(A°) +0(A^) +C(A2). 

The mass terms in the Lagrangian originate from the following decomposition of the coUinear 
quark field 



p p 



(8) 
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where ^„ and satisfy the constraints 



%n = i.. ffe = 0. (10) 



Applying the QCD equation of the motion, we can relate to 



n-i 



where we see that is suppressed by C(A) compared to SU(3) breaking effects occur via 
the time-ordered products of C^^'^'^'^ ^^e components in SCET operators at the higher 
order in A. With the scaling E ^ m^, SCET allows for two independent power series 
expansions, A and rris/A. At each order in A we can describe the leading SU(3) breaking 
effects in LCDAs, which can be compared to previous works. 

In this paper, we derive relations between the LCDAs of vr, K, and r] which cover the 
leading SU(3) breaking effects. At leading order in A, the relation can be easily derived 
through the time-ordered products of C!^ and twist-2 operators. Further, it can be extended 
to twist-3 LCDAs and can be confirmed by the exact relations between twist-3 LCDAs, (j)^ , 
(f)^ , and 03Af. The rest of the paper is organized as follows. In Sec. II, we briefly discuss 
conformal symmetry in SCET. In Sec. Ill, the lightcone formalism for energetic pseudoscalar 
mesons is introduced in the framework of SCET. Using isospin symmetry in case of the pion, 
we derive constraints between the twist-3 LCDAs equivalent to the established results in full 



QCD [iJ]. In Sec. IV and V, we investigate the leading and subleading SU(3) breaking 



effects, respectively, using SCET. In Sec. VI, using constraints between LCDAs, we obtain 
exact forms of the twist-3 LCDAs 0^'^ and (or 0f ). With SU(3) broken, those LCDAs 
are expressed in terms of coefficients of the Gegenbauer polynomials in (pM together with 
nonperturtative parameters in 03m- Finally, we conclude in Sec. VII. 



II. CONFORMAL SYMMETRY IN SCET 

Lightcone conformal symmetry for QCD [l| is extremely useful for the analysis of nonlocal 
operators in SCET. In general, SCET fields are considered to have definite conformal spin 
j and twist t 

j = ^{l + s), t = l-s, (12) 

where I denotes dimension of the field and s is a coUinear spin obtained by applying the 
coUinear generator Sn to the field 

5„$ = ^n^n'^E^,^ = s$. (13) 

The spin operator S^^, depends on the representation of fields, 

Yi,u4> = 0, S^i,^ = -a^y^j, S^i/Aa = guaA^ - g^aA^- (14) 
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The collinear quark fields in SCET have the following coUinear spins 

^nC,n 9 V 4 A z"^" o'^"' ^^^^ ~ 9 \ A A J ~ 9 ^ ' 



The gauge invariant SCET fields have their own conformal spins and twists as follows 15| : 



W^U^) : J = 1, t = 1 



V 

VW^n ■ iDW 



x] 



[x) : J = 2' ^ = ^' 
(x) : J = 1, t = 2. 



(16) 



In SCET power-counting, ~ 0{X) and each component of iV^ is power-counted as shown 
in Eq. ([7]). Therefore we find that the twist expansion is identical with the A expansion. 

In general the nonlocal operator which consists of two fields on the lightcone with definite 
conformal spins ji and j2, 



(17) 



can be constructed by the conformal towers of the highest-weight local operators with j 
ji + 32 + n, 



[n ■ idy 



$(an)rPi2ii-i,2i2-i 



' n ■ id — n ■ i d 
.n ■ id + n ■ id 



I $ (aril 



(18) 



where P^"'^) are the Jacobi Polynomials. The conformal local operators at each n in Eq. (fTSjl 
do not mix under renormalization to leading order because the renormalization group equa- 
tion (RGE) is no more than the Ward identity for the dilatation generator of the conformal 
group 

As an example, consider the leading order (twist-2) light cone wave function for pion. 



The nonlocal operator on the light cone can be expanded in terms of 



X] 



(19) 



(20) 



where P± = P^ ± P and the Gegenbauer polynomials C'}/'^ ~ Pn'^^- When we take the 
vacuum-to-pion matrix element, the result is 



{Tx+\0];\xm = ~-Un-p^r+^ / rfwC^/2(2w-l)0,(w,/i). 
2 JO 



(21) 
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As discussed above, due to the conformal symmetry the above equation does not mix under 
renormahzation with the terms m ^ n. Futher, there is no mixing with colhnear gluon 
operators with j = 3 + n — 1 due to the flavor structure of the pion.^ 
In order to take advantage of the orthogonahty of C^''^, 

duuuCn2u - l)Cn2u - 1) = ^^„ ^"+^^j^"3+^\ (22) 

we expand (p^iu, fi) in Gaugenbauer polynomials 

</.^(n,/i) = QuuY,aMCl/\2u - 1), (23) 

n=0 

where Oq = 1 from the normalization condition / du(j)J^) = 1. Then, from Eq. fl2T]) . the 
coefficient a„(/i) are multiplicatively renormalized 171. Il8l|. 



(0) //3 

a.(/i) = a„(/io)(^^j , (24) 

where /5o = H — 2n//3 is the first coefficient of the QCD /5 function, and the anomalous 
dimension for a„ is 



In „ In 



271 271 



n+1 



= + 4y- 

(n + l)(n + 2) f^.k 



(25) 



Since 7„ with n 7^ is positive definite, the coefficients for the higher conformal spins can 
be neglected when the renormahzation scale /i ^ /xo- 



III. LCDAS FOR PSEUDOSCALAR MESONS 

In full QCD, the LCDAs for pseudoscalar mesons to twist-3 accuracy are defined as 

{M\q{xh,^,[x,y]q{y)\0) = -tf^n-pM^^ rfwe*^-^«("^+^^)0M(w), (26) 
{M\q{xh,[x,y]qiy)\0) = -ifMl^M rf«e'^-^«("^+^^Vf («), (27) 





{M\q{x)a^'^^,[xMq{ym = ifM^ivlA'-plA') 



X / rfMe^'^-P^^("^+"^Vf (^), (28) 

JO 

{M\q{x)a^^^,[x,z]gG^^{z)[z,y]q{ym = tipMig"^ ' -(/"-- ^Mm 

X /'[dMi]e™("i"+"2^+"^"V3M(M^), (29) 







^ In the flavor singlet case, it would mix with the two- gluo n operator. The SCET calculation of the RGE 
mixing for the twist-2 LCDAs has been performed in [iq . 
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where = — = (x — and [dui\ = duidu2duz5{l — ui — U2 — U3). 

In SCET, we define the hght cone wave function keeping the exact A (~ p±/n-p ~ K/ Em) 
power counting with definite conformal spins and twists as 



{M\^nW{x)^^,w^Uym 
{M\l^w{x)-i^w^Uym 
{M\irW{x)^it^t{z)i,w^Uym 



n-pM 



M- 



2 JO 



M- 



2 Jo 
n ■ pm 



M" 



T^fsMgLin-pu] 



2-' 

»1 



X / [dui\e'''-- 



in-pM{uix+U2y+U3z) 







(p3M{Ui) 



(30) 
(31) 
(32) 
(33) 

(34) 



where B^{z) = [vWHD^w]{z). Eqs. ([3l]), ([32]), and ([SlD are A-suppressed (twist-3) com- 
pared to the leading order, while Eq. ( l33i) is A^-suppressed. 

To include the effects of a light quark mass, we need the SCET Lagrangian including the 
quark mass 0], 



>^^SCET = ^nn ■ iD^Cn + ^n{ip± - roj^n + ^n{ip± - rnj^n + ^nTl ■ iD^^jT 



n ■ iD + il 



' n ■ iDr 



Sn \ >~'m ~ '~'m ' 



(35) 



where C^^^'^'^^ are given in Eq. ([6]), and for the second equality we used the relation in Eq. (fTTI) . 
Keeping the lowest order in A in Eqs. (1271) and (125]) . we find the relations 



1 d 

Furthermore, expanding Eq. fl26]) to twist-4 accuracy gives [l9| 

{M\q{xh^^,[x,y]q{y)\0) = -tf^n-pM"^ [' due'^-P^'^^^+^'y^Mu) 



(36) 



JO 

2 ■ A 



(37) 



where the second term on the right-hand side corresponds to Eq. (133]) . 

The coefficient /ijv/ in Eqs. (12 7p and (1281) . which results from quark condensation, can 
be obtained by the equation of motion in full QCD. For the pion, consider a translation of 
Eq. fl26]) in the limit y —>■ x = 0, 



P^{7r+\ui^,l,d{0)\0) = -iUpl = -zUml 

= (7r+|n(-z'|" + z^)75(i(0)|0) = (7r+|n(z^ + ip)-f5d{0)\0) 
= (m„ + md)(7r+ 1^75^(0)10), 



(38) 



7 



where iD ^ = —i d ^ + gA^. We then see, using Eq. ( 127|) . yU^ = m^/(mu + m^). 

In SCET the quark condensation factor hm can also be acquired easily. We begin by 
decomposing the pion momentum as 

= n-p— +p^^ + n-p— = n-p— + — . (39) 

Taking the limit a; ^ y = in Eqs. fl30l) and fl33|) . we obtain 

- if^ml = -iU{n ■ pn ■ p) = -ifn{^n ■ pn ■ p + ■ pn ■ p) (40) 

= n ■ P(vr+|c|75d(0)|0) + rl. P(7r+|e^^75e^(0)|0) 

= (vr1c|(r^ -V^-n. P)75C» + (^^^^(^^ " "^h^^l^) 

= (vr1c|(n ■ - n ■ zD)^,C\0) + {n^\^^^{n -iD-n. iD)^,^. 

where is given by Vj^ + gA^. From the SCET equation of motion and using Eq. (fTTI) . 
the second and the third bilinear operators in the last equality lead to 

C75n • iD^t = -C75 - m,) ^ (iip^ + m,) (41) 

= C75 {^P± + m„) ^ (^^^ + m,) (42) 

where we used iD ^ = iD^ since we chose a frame where the total transverse momentum of 
the partons in the pion system are zero, Eq. (1391) . Combining these equations, we find 

C75n ■ zD^Cn. + ■ ^Dl.ii = (m„ + m,)C75^ + m,) (43) 



Similarly, the first and fourth operators in the last equality of Eq. (140|) lead to 

A ■ tD^^it + e^75rr ■ ^Dt-i|, = (m„ + m,)^^ (^g + m.) ^^75en- (44) 
Finally, we find, up to SU(2) corrections, 

-zUml = (rn„ + m,)(7r+|C75^^to+m,)?en + C^0K + ^O^:^75d|O) 

~ 2(m. + m,)(7r+|C75^4-(^^ + m,)^en|0) (45) 
~ 2(m. + m,)(vr+|c|(z^ + m„) -1^75^:^10). 

We can therefore obtain the chiral condensation factor //^ in a well-defined manner in SCET. 
It can give a numerically sizable correction to subleading order matrix elements in the 
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effective theory even though /im is power-counted as C(A). In SU(3) hmit, we identify 
fiK ~ /^TT ~ Bq, where Bq is proportional to the vacuum expectation value of the light quark 
pair, 

Bo oc (uu) ~ {dd) ~ {ss). (46) 

However including SU(3) breaking with nonzero m^, we treat fix 7^ f^-K since (ss) can be 
different from {qq). For the kaon, the exact value for fix is = 'm\-/{ms + mq) ~ Bq + Bi, 
where q = u,d, and Bi is the leading SU(3) breaking term from the vacuum expectation 
value of the light quark pairs. In order to investigate leading SU(3) breaking effects in 
LCDAs, it is useful to keep only the leading SU(3) breaking correction. We will therefore 
identify fix = f^n + 0{ms/A) in our notation without any further assumption. 



A. Expansion of the subleading LCDAs using conformal symmetry 

Because the SCET operators at each order have definite conformal spins, it is useful to 
expand these nonlocal operators in terms of local conformal operators. In this subsection, 
for simplicity we neglect the quark mass. For the two-particle (or two-point) nonlocal 
operators, we can easily construct the conformal operators using Eq. ( JTSl) . The relevant 
conformal operators for the higher-order, nonlocal operators in Eqs. ( 13TII33|) are 

CW{xh,W^^^iy) — = CWj.iV.TPi'^'^ W^^^, (47) 

^^W{xh,W^^tiy) O'J''' = m^,{V^rPt'^ W^C (48) 

m{^)'^i^w^ii{y) ^ oH'^^'' = m'^i^iV-TcT (2^) (49) 

where we used the Jacobi polynomial identity P^'^\—x) = (— l)"P^^'"-*(x), and in the last 
equation we replaced the Pji'^^ with the Gegenbauer polynomial CU"^. At one loop order, 
these operators for each n do not mix. From the orthogonality relations 

fl , 7r2^~^'ri'2/ -I- r)l 

jl du(umr"V„,{2u - 1)C;,(2« - 1) = „,(„ ;)r2(f) (50) 

Jo n! (a -I- p -I- 1 -I- 2n)T{a + p + n + 1) 

we can determine the forms of the LCDAs and g^^, 

r+{u) = 2n5:6+(/i)Pfi)(2«-l), (51) 

n=0 

= 2w 5: 6;(/i)Pii'0)(2« - 1), (52) 

n=0 

9M = Y.^n{f^)C'J'{2u-l). (53) 



n=0 
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The three particle wave function (p^-K is more comphcated. Because the relevant nonlocal 
operator can be expanded in terms of the local operatos with the conformal spin j = 7/2+n, 
the explicit form can be written as [l|, 

hAui,fi) = 360uiU2ul[uj^^\fi) + u^/\fi)^{7u3 - 3) + ujl'^\fi){2 - 4u,U2 - Su-s + Suj) 

+ cja"^^ (/i) (3nin2 - 2^3 + Sn^) + ■ ■ ■] , (54) 

where Ui = ^1,^2,^3. The coefficients cj''/^ and u;^/^ are multiplicatively renormalized at one 



1 1 /2 1 1 /2 

loopjWhile there is mixing between Ui and laJ2 with the anomalous dimensions given in 
Ref Q. 



B. Relations between the subleading LCDAs 

At subleading order, there are constraints relating the three LCDAs (f)'^, (j)^, and 03,^ to 
each other. Using operator identities 20|, l2l| based on the equation of motion, relations 
between the twist-3 LCDAs were introduced in Refs. EqI - In SCET, the equivalent 
constraints can be obtained by analyzing the relevant operators directly. 

We start from the following identity 



(7r+|CW^(x)|75 



(55) 



due to the fact that we can pick a frame where the total transverse momentum of the pion 
is zero. Using the identity 



X) 



dz 



VWhD^w]{z)W^in 



[X) 



(56) 



where \WHD^^W]{x) = -i j'!:^dz\PWHD^W]{z), the bilinear operator in Eq. ([55]) can be 
written as 

CnW{x)t^,[n-n)wHi{y) = -a|l^l^(x)75W^^d(y)+c|H/(x)75W^^^^d(z/) 



VWHp^w]{z)W^i'i{y). (57) 



Taking the matrix element of the above equation neglecting the quark mass, we obtain 



Z tOn 



^ 2 ^ • JO 



+ in-p^) fs^ / dz / [dui]e 



y 



-m 



J ^ ^ Us 
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From the second equality of the above equation, we find 



1 



U0AU] — U0 [U] 



2 / rfMe^''-^-("^+"^) 
Jo 



^^ (p3n{u,u-b, b) r ^^(h^iu -b,u,b) 



(59) 



Jo b Jo b 

where R.,, = fnfJ'n/ fs-K- Finally, due to isospin symmetry, there is the following constraint 

r+i^) = <pi{u), r4u) = <pim. (60) 

From these constraints, we can relate the coefficients in 0^ to combinations of the coef- 
ficients of 037r. To begin with, as in Eqs. ( l5T|) and ( l52l) . we expand Rn4'± as 



R-n 



2u 



K 



3/2 



+ «:5/2p(o,i)(2^ _ 1) + «:7/2p{o,i)(2^ _ i) + ^^/^p(^'^\2u - 1] 



KC(n) = 2nL3/2 _ ^5/2p(i,o)(2n - 1) + k'/'P^''°\2u - 1) - n'/^P.^'''\2u - 1) 



+ K"/2pi^'°)(2^ 



u 



(61) 



(62) 



which satisfy Eq. ([60]), due to the fact P^°'^)(2u-r 
Eqs. (154]), (EH), and ([62]) into Eq. ([59]), we find 



.l)np(^,o)(^2u-l). Then, substituting 



9/2 



K 



11/2 



11/2 



11/2 



(63) 



We can also determine (p^ and 0^ from Eq. f[36]) . Using the following identities 

«Pf i)(2^^ - 1) +IlPi''°n2n - 1) = Cy2(2n - 1), 
«Pf 'i)(2« - 1) - ^Pr'°H2« - 1) = Cli\{2u - 1), 



(64) 



du 



2u 



-{n^\){n^2)C%(2u-\), 



we obtain 

R.rp 

Rnd^Z 



P. + 30u;'/'cl/\2u - 1) + ^(4c.|^/^ - o^^''^' " 2u;'/')cy\2u - 1] 
Quu 



10^ ^ 



11/2 



u;l'/')c!^\2u-l) 



(65) 



(66) 



IV. SU(3) BREAKING EFFECTS AT LEADING ORDER IN A 

The large strange quark mass, compared to the up and down quarks, leads to significant 
SU(3) breaking. We will only keep the strange quark mass in the analysis of SU(3) breaking, 



11 



(a) 



(b) 





FIG. 1: Leading SU(3) breaking interactions in LCDAs. The diagram (a,b) are examples of 7^ 
respectively. The dot represents and '(8)' denotes the nonlocal SCET operator. 



{S,V) 
m ) 



setting the u and d quark masses to zero. Furthermore, we will use the approximation that 
nis/ A is small, as was done in, e.g., Ref. 0]. In SCET, the leading SU(3) breaking effects for 
the LCDA are obtained from time-ordered products of and the nonlocal twist-2 SCET 
operator. 



{M\TUjd'zC';j,l{z),aW6{x 



'P \t 



h^w^^i |o) = ri'\x,^^) + ri^\x,^^l (67) 



where {q, q'} = {u, d, s}, and ~ 0{ms/A) is given in Eq. ([6]) and can be rewritten as 



2 ^" 



(68) 



Here the coUinear derivative operator acts only within the square brackets, and thus 
must involve at least one coUinear gluon field. This helps us categorize the long distance 
contributions for the time-ordered products as so-called "sea" contributions T^'' and "va- 
lence" contributions 10|], where are mediated by a coUinear gluon {T^'^) and quark 
{T^^) as shown in Fig. [H 

An important point is that the sea contribution is common to all the light mesons, in- 
dependent of the quark flavors of the nonlocal operators. So the sea quark contribution 
cannot mediate SU(3) breaking effects between, for example, the pion and kaon. However 
the valence contribution only occurs for mesons with the strange valence quark compo- 
nent. Therefore we conclude that SU(3) breaking effects can be specified by the valence 
contribution for each meson and we write the matrix element for the LCDA as 



n ■ pm^ 2 

(69) 

where the subscript 'SU(3)' represents the matrix element in the SU(3) limit, including the 
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FIG. 2: Examples of nontrivial renormalization effects for the time-ordered products of nonlocal 
SCET operators and the leading mass interaction term Cml- O^^^ in the diagram (a) denotes 
a leading twist operators shown in Eq. ([30]) . and O^^ in the diagram (b) is a twist-3 3-particle 
operator which has been defined in Eq. ([3l 



sea contribution. It can be identified with the matrix element for pion, 

{M\aW6(x-^^)^^,W^^'^\0)svi3)--^^n■pMMx)■ (70) 

The valence contribution in Eq. (169|1 can be further specified by the quark flavors of the 
nonlocal operators, {'7^^, ^m\-\-B\ — {kl — ^ g' = {q = u,d and q' = 

s), {q = s and q' = s)}. The matrix element contributes to {K~,K^) mesons, tJ^^ to 
mesons, and %1^a+b needed for the \ss) component of the rj meson. To leading 
order in the SU(3) breaking, we identify 

where the second equation follows from the charge conjugate symmetry of the strong inter- 
action. 

To find the distribution for T^^-*, we need to consider the renormalization behavior of the 
time-ordered products in Eq. (|67l) . The nontrivial renormalization can be calculated from 
diagrams such as Fig. [2]- (a), and it turns out to be zero because there is no mixing to other 
nonlocal operators at leading order in A. We thus find that the time-ordered products can 
be renormalized as T{Z^i)£(^) , ® where 0^°) is a leading twist operator in the 

momentum space, and ® denotes a convolution of the momentum fraction. As shown in 



Ref. 22 , is unrenormalized and so Zi^^ = 1. Then the renormalization behavior of the 

J ' 1 1 L s I ft 

time-ordered product becomes the same as the leading twist operator. As a result, we can 
expand T^'^ in terms of Gegenbauer polynomials C^''^, 



-lfm,{A,B,A+B}n ■ PM 6x(l - x) a-'{^'^'^+^> (/i)^^/^ (2x - 1). 

^ n=0 
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For example in case of K , combining the above with with Eqs. (|30|1 . (l69l) . and (170l) . we 
have 

fK(pK-{x,ij) = + f^^A(pt.i.^^lj)- (73) 

In Eq. ( !72|) . we have introduced a new, nonperturbative decay constant, fm- In order 
to specify the value of /„, we need to decide the normalization for with the choices 

/ dx(j)mix) = or 1. If we choose the normalization as 0, we identify fx = f-K from Eq. (1751) . 
In this case the decay constants do not break SU(3) at this order, and the breaking enters 
in the distribution of the light meson with the strange quark component. A more general 
choice is to assign to fx leading SU(3) breaking effects by setting the normalization of the 
valence quark distribution as / dx(j)m{x) = 1- In this case, we have the SU(3) breaking 
Af = fx — f-TT = fm,A ~ 0{ms) from Eq. ( 1731) . Experimentally the decay constants for 
pion and kaon are = 130.7 MeV, fx = 159.8 MeV with the ratio fx/U = 1-22. So 
there is significant SU(3) breaking in the decay constants, which prefers the normalization 
/ dx(j)m{x) = 1. Therefore, in our analysis, we have the SU(3) breaking correction 



fn 



(74) 



where Aflf^, = 0.22 + 0{ml/A'^) numerically. 

Identifying A/ = fm,A = fm,B, we have the relation for 



fx<pK+{.X,ll) = f-j,(t)-n{.X,^l) + A/0^(x,/i), 



(75) 



where (f)^{x) 



[1 — x) from the second equation in Eq. fl7T]) . The leading-twist matrix 



element for the rj meson 

{v\LW6{x - - 
gives, by combining Eqs. 



V 



dnD, and dZl, 



(76) 



fvM^^ /i) = A0^(x, /i) + -A/ [0„,(x, fi) + 0^(x, /i) 



(77) 



Here, we neglect rj — rj' mixing, so the rj state is given by |?7) = |?78) = {1/\/Q){\uu) + \dd) 
2\ss)). Integrating both sides of Eq. (1771) over x results in the relation 



which is similar to the ChPT results [2J]. If we now use isospin symmetry, Eqs. ([73] 
and flTTl) lead to 



(78) 



U(f)^{x,fi) + 3fr^(j)r^{x,fi) = 2fx[4>x-{x,fi) + (l)x+{x,f^)\ = 2 fx[(pxo{x , fi) + (pxo {x , , (79) 
valid at leading order in the SU(3) breaking. 



14 



Since we can expand the LCDAs in terms of Gegenbauer polynomials, we can use Eq. ( !79|) 
to relate the coefficients of the various LCDAs, 



UalM + 3/r,a2n(/^) = 4//^a2n(/^)' n = 0, 1, 2, ■ ■ ■ , 



(80) 



where all the zeroth coefficients Oq = 1 due to the normalization of the LCDAs. For (pj^ and 
(pjj, the coefficients with odd n = 2m+ 1 vanish since the distributions are be invariant (up to 
isospin violations) under the replacement x ^ x = 1—x and C„(2x — 1) = (— l)"'C„(2x — 1). 
On the other hand, for 0^, the odd numbered coefficients a2n+i need not vanish due to SU(3) 
breaking between the quark and antiquark field. We do have some relationships between 
coefficients, however. From Eq. ( 171]) . we have = (— l)"a^^^^''^°-'^. Furthermore, 

^m.n = (""l)"'^m. n a^J^ = aj^ „ + „ in the valence distribution (t>m{x). Combining all 
the above leads to 



where = and the decay constants fx and have been expanded in terms of 

using Eqs. (171) and (1781). 

The magnitude of the valence contribution is 0{ms) ~ A/, which implies am,n ~ C^(l)- 
If we turn off the SU(3) breaking corrections, a\^''^^ reduces to a^, which suggests a^+i ~ 
0{ms/ K) and a!^'^^ ~ a^^ + 0{ms/ A). Therefore, up to the ffist order correction to SU(3), 
the above equations simplify to 



V. SU(3) BREAKING CORRECTIONS AT SUBLEADING ORDER IN A 

The same analysis done at leading order in A can be applied to the matrix elements for 
LCDAs at subleading order. Consider the following matrix elements for K~ 




(81) 
(82) 

(83) 




(84) 
(85) 

(86) 



{K\O^l\x,fi)\0) = (a;,/x). 



(87) 



where Oj. {x) are twist-3 nonlocal operators in momentum space 



0^+\x) = J4x) + JC+ix) = CW6{x 
0^1\x) = J--(x) + /C.(x)=a|(l^ 
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Here, /C±(x) are the pieces of the above operators proportional to and m^/, respectively 
and are suppressed by 0{mq/ K) relative to J±. The quark and antiquark flavors g, q' are 
chosen according to the flavor contents of the meson. For example, if we consider the matrix 
elements for K~ , the flavors (g, g') are given by and /C+ can be neglected since it is 

proportional to m^j. In Eq. ( IHTl) . the leading SU(3) breaking corrections come from the two 
sources: the valence contribution from the time-ordered products of and J7±, and the 
matrix elements of K,±. 

For the K~ system, the matrix elements of Eq. (IHTIl can be written as 

{K-\0^l\xm = (i^1:r+(x)|0)su(3) + riy)(x) (90) 
{K~\0^y{xm = (i^-|J_(^)|0)su{3) + {K-\IC.{xm+riy{x), (91) 

where are the valence contribution of J'± for K~ . The matrix elements with the 

subscript 'SU(3)' are analogous to the treatment in Eq. (|70l) and can be expressed in terms 
of the pion LCDAs 

(A'|Oi')(a;,/i)|0)su(3) = -^/./i.</'±(a:, /i). (92) 
Similarly, the matrix elements for system can be written as 



{K-^\Oi\xm = (i^+|J+(x)|0)su(3) + (i^+|/C^.(x)|0) + ri;^+)(x), 

{K-'io^yixm = {K~\j4xmsvi3)+Tiy{x). 




Due to charge conjugate symmetry, we have the relations 

ri^^Hx) = Ti^ix), (if"|/C_(x)|0) = {K+\IC4xm- (95) 

Hence we identify 0^ (x) = 0^^(x). The same analysis is applicable to {K'^, K'^}. 

Next, consider the r] meson. In this case, the valence contribution for the \ss) state in r) 
can be expressed as T^^si^) — Xri^A^\x) + '^m^it\x)^ giving the matrix elements 

{V\0^l\x)\0) = (r/|J±(x)|0)su(3) + l{v\IC±{xm + ^(ri,5f)(x) + ri5,^)(x)). (96) 
Finally, combining the above equations, we flnd 

or, using Eq. fl5B|) . 
Choosing the normalization / dx(j)^p^{x) = 1, we have 

UfJ'TT + ^fvf^ri = 4:fKfJ'K, (99) 

which, using /^^ = + Aj, f,^ = f^ + 4Aj/3, can be rewritten as 

fnifJ^n + Sf^r^ - 4:f^K) = 4:Af{flK - fJ^il)- (100) 



lK+, 



[X 



x) + 



[X 



(97) 



€Ax) + <;(x) = 2fK^^K C(^) + €» ■ (98) 



p,(7 
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If we take the lowest order in SU(3) breaking, the right side of the above equation should 
vanish since fiK,ri = f^w + 0{ms/ K). This implies 



(101) 



The contributions T^'^\x) cannot be easily determined because the renormalization of 
the relevant time-ordered product mixes with a time-ordered product involving •msO^'^\ As 
a result, (j)^'^{x) involves leading-twist Gegenbauer coefficients a^''^. As seen in Section III, 
(j)^ can be related to the three-particle state LCDAs 03m- Including SU(3) breaking, the 
relation is modified, as we shall see, but a useful relation is still available. We can express 
(j)^'^ in terms of a^'^ and coefficients of 4'3K,3rj, which will be investigated in the next section. 

Applying a similar analysis to the three-particle state LCDAs for K, rj, the matrix ele- 
ments, to first order in SU(3) breaking, can be written as 



{K-\ol^\x.,f,)\o) = {K-\ok"{x.,^,)\o)svi3) + rZ!Aix^), 

(i^+|O?)(x„/i)|0) = {K^\Oi'\x.,f^msvi3)+%ZU^,), 

{ssg\0^3\xi, fl)\0) = (sS^|Cj^^(Xi,/i)|0)su(3) +^3m,A+i?(a;i), 



-iV) 



(102) 



where the momentum fractions for the quark, antiquark, and the gluon. 

0^\x, jj) is the Fourier transform of the nonlocal operator shown in Eq. flMl) that, with the 
constraint 

be written as 



n-pM 



(103) 



As before, we relate the SU(3) limit matrix element in SU(3) to the pion LCDA, (03^')su{3) = 
z(n-pM)^/37r<^37r- As with 7^^-* and T^'^\ the valence contributions T^^^ respect the relations 



■'3m,A+B\-^i) 



+ ^ln,B(^j)) ^2, 3^3) — ^L,b(^2, ^i, X3) 

From Eqs. (fTim and (fTUI]) . we find 

/37r037r(Xi) + 3/3^03,,(Xi) = 2/3X 4>3K-{Xi) + 4>3K+{Xi) = ^f^K 4>3K{Xi) + 4>3Ko{Xi 



(104) 



(105) 

The three-particle LCDA defined in Eq. fl5^ does not have a convenient normalization. 
We can redefine (p^M so that J[dxi](l)3M{xi) = 1 by absorbing a scale-dependent factor into 
the decay constant /37r(/x), 



(l>3n{xi,fi) = 360a;iX2a;3 
(j)sn{xi,fi) = 36OX1X2X3 



^3n{fJ') 

2 

^3r,(/i) 



(7X3 - 3) + 

(7x3 - 3) + 



while (j)3K,3r], due to SU(3) breaking corrections can be written as 



^3K^{Xi,^) = 36OX1X2X3 1 ± A3K(/i)(xi - X2) + 



^3k{1^) 



(7x3 - 3) + 



(106) 
(107) 

(108) 
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Comparing with Eq. (11061) . X^k gives an asymmetric distribution under exchange xi ^ X2 
due to the SU(3) breaking between the quark and antiquark and is thus 0{ms/A). Due to 
the new normahzation LCDAs, from Eq. fllUSp we easily see 



(109) 



The valence SU(3) breaking contributions for f3K.3ri4'3K,3ri arise in part from the mixing 
with the matrix element {nisO^^'') under renormalization. For example, the mixing for K~ 
can be calculated through the Feynman diagram Fig. [2]-(b), and we find the renormalization 
group equation 



d 



mixed 



2-K 



Xn 



K- 



Xi + X3) 



+X3) 



;iio) 



Using the orthogonality to each term in Eq. (11081) under the integration J[dxi\, we obtain 
the mixed renormalization group equations for fsx, X3K, and UJ3K, 



d 

djjL 



J. , OisCp 

-73/J3A' H 



■'^^12 20 ^ 



d 



/^^(/3/<A3i^) 
fJ'-^{f3K^3K) 



-73A/3A'A3/^ H : — m. 



-13(^1 3K^3K 



An 



6 10 
•' MS 5 ^ 15 ^ ^' 



(111) 
(112) 
(113) 



where we included the only lowest two coefficients in 'Pk- for the simplicity, and 7{3 3a 3,.)} 
are the anomalous dimesions for {fsM, fsM^sM, fsM^^sAi} in the massless limit [25 



73/ 



as 110 



73A 



139 
4^~9~' 



73c. 



as 208 
47r~9~' 



;il4) 



The anomalous dimensions for the quark mass is 7^ = Sag/ {An) and 7„, for a^^ are given in 
Eq. (|25|) . Combining, we obtain the solutions for the renormalization group equations. 



(/3i^A3i^)(/i) 



if3Ki^3K)ifJ') 



V^V ... 2 

7 T hKifJ'O) + — 

asino)/ 19 



+ 



6 

65 



a^(/io 

55 68 . 

a,(/x)V° /as(/i)V^° 



139 



,«s(/io) 



(/3i^A3_ft')(^o) 



14 

67 



,as(/io) 



(m.a^ //<)(yUo) 

139 



a^(/i) 



as(yUo) 



msfK){fJ'o) 

(115) 

"ls/x)(/io) 



14 

4 

+ 11 



139 



86 _ 

«s(/i) 



,«s(/io) 



{f3K^3K){fJ'0) 



1 
170 



(m.aj /E-)(/io) 
("^sof /i^)(/io) 

4 104 



(116) 



18 



+ 



10 
2 

15 



,as(/Uo) 



S/3o 



86 
3/3(, 



,tts(/io) 



,as(/io)/ V«s(/^o) 
which agree with the full QCD result 



104 

9/3o 



104 
9/30 



(m,af //^)(/io) 
(m,af"//<)(/io) 



;ii7) 



VI. EXACT RELATIONS BETWEEN TWIST-3 LCDAS 



The relations between twist-3 LCDAs including light quark masses have been studied in 
full QCD 0,0. In this section, we consider the relations again using SCET. As a result 
we express cj)^ in terms of the quark masses, , and {fsK, ^3K,^^3k}, equivalent to what 
was found in Ref . . Further we consider (p^ in order to confirm the relations between the 
mesons vr, K, and rj shown in Eqs. ( 1971) and ( l98l) . 

Keeping the light quark masses in, for example, the K~ system, Eq. (159|) is modified to 



2 



u(j)^ (n) 



mo — m„ 



db 



4>3Kiu,u- b, b) 



'db 



(118) 



4>3K{u-b, u,b) 



where Rk = fx^-K/ f3K and (jy^x has been defined in Eq. (11081) . The term involving quark 
masses come from the matrix elements of K,± shown in Eqs. ( l88l) and (|89l) . We need one 
more relation in order to solve for 0^ simultaneously. For the pion, we had the isospin 
symmetry relation, Eq. fl60l) . which is unavailable for the K~ . 

Instead, we can obtain another relation starting from Eq. ( l28l) . keeping exact power- 
counting in A. Applying (jf /2)[—id^ + id^) to both sides of Eq. (l28l) . we have 



-{-id^,+id^y){K-\q^{x)a,M^,ymym 
-fKlixn ■ Pk t due'^-P'^'^^'^+^y^ ^Mfl _ ^ 







12 du 



where q = + ^n, and we have used the relations 



yrr-pi^(2n- l)e^"-P^("^+"^). 



As before, we have set all the coordinates to be on the same lightcone, x'' 



(119) 

(120) 
(121) 



and thus d^f{x) = (9^/(x) 



Xj^,n-x=0 



. We can write the left-hand side of Eq. (11191) as 



y (-z9^f + zd^){r{x)a,.^,[x, y]q-{y)) = !i-(^^i^(^)(ptM + V^)a,.^,W^q-{y)) 



+ 



n 



y ' 
2 



2 x — y 



{q'W{x) / dz\W^iD^w]{z)a^,-i^W^q'\y)) 



;i22) 
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using the identity for the Wilson hnk [x, y] 



-id>^ + id^)[x,y] = -tdi^W {x)W\y) + W {x) id^W^y) 

+ ^—W(x) r dz\wUD>'W](z)WUy). 
x-y Jy ^ J 



(123) 



Applying Eq. (!56|) and the equation of motion ip q{x) = mq{x) to the first term on the 
right-hand side of Eq. (11221) , we have 

q'W{x)V^^a^,-i^W^q''{y) = -iq'W {x)Vh^W^ q"" {y) + zm,gW(x)7.75W^^g"(2/) 

-iq'W\W^i%_W]{x)^^^^W^q''{y), (124) 

q'W{x)V^a^,-i^WU''{y) = -tq'W{x)V,^^W^q''{y)+im^q'W{x)-i,^^W^q\y) 

-zgW(x)7^75 [W^^i^^iy] {x)W^q''{y). (125) 

Combining Eqs. (I122p . (11241) . and (11251) . to lowest order in A, we can rewrite the left-hand 
side of Eq. f fTTOD as 



[-^^^^+^^^;){q'^{x)a,M^,ymy)) 



(126) 



x-y 



— {i:W{x)^ rdz[2z-{x + y)W^{zh,W^Ciy))- 



Applying Eqs. ( l3Ti) . ( 132|) . and ( l34l) to the above equation, we find 



n 



-{-zd^ + zd^){K-\q%x)a,,^,[x,y]q^{y)\0) : 

+ lfKn ■ PK{nis + m„) /' e*^-^-(^^+"^Vi^-(«) 
2 JO 



ir(n)+05"(«) 



4 

X-?/ JO 

where K{ui) in the last line is 



d 



|03i^(Ml,M2,M3)- 



du2 du3^ 

Comparing Eq. (11271) to the right-hand side of Eq. (11191) . finally we obtain 



« db 
T 



K{u — b,l — u,b) 



« db 

y 



K{u, 1 - n - 6,6) 



OU 



lK- 



2u-l d 
12 9^ 



0f ' - ^ («) + («)) + "^^^c^K- (u) 



(127) 



(128) 



(129) 



2flK 



R 



K 



2/xj^ du 



2du 
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which is our second relation needed to determine (j)^ . 

From Eqs. (11181) and f ll29p . we can determine (j)^ . To begin with, expand (j)^ in terms 
of Jacobi polynomials P^^'^-* and -P^^'°\ 



kK- 



(u) = 2u 



1 + E («3/2+n + (33/2+n)Pi'''\2u - 1 



n=l 



(130) 



+ E + /53%„)^i°'^n2« - 1) + i^H- 



n=l 



iu) = 2u 



1 + E(-l)"(«3/2+n - P3/2+n)Pi'''\2u - 1) 
n=l 

o 

+ E(-l)"(«3%n - P?/2+n)Pi'''\2n - 1) + F_ ( 



(131) 



U 



n=l 



(C) (C) 

where C(y2+n (/^3/2+n) (anti-) symmetric coefficients under exchange u ^ u, and the 
superscript (G) denotes coefficients coming from the three-particle LCDA (p^K-- F± are 
SU(3) breaking in the asymptotic form, obtained by neglecting the contributions from (psx-- 
In this case, Eqs. (11181) and (11291) simplify to 



kK- iK- 



kK~ 



U- 



du 



U- 



du 



Ha 



du 



(132) 
(133) 



where n± = (ms±m„) / fix- Keeping only the lowest two coefficients 4>k- and choosing 

the normalization / ducj)^ (u) = 1, we find 



3 3 ?x 

F±(n) = -b+( 2 + In uu) + -6_(^1 + ln = 



u 



(134) 



where b± = k± — 3fi;zpaf' + 6fi:±a^. The coefficients a3/2+n, P3/2+n can be be obtained from 
Eqs. ([I32D and (IT33ll . 



0(5/2 = —3K^a-^ + 6^+02 , = Qk^O]^ — 18K_|_a2 

9 

07/2 = 9K+af , /37/2 = --K^af. 



K 



(135) 



Then, including the contributions from (t)2,K- in Eqs- (I118p and (I129p . «^/2+n' /^3/2+n are 



30 



(136) 



/59''/2 = 10 



'^9/2 — ^9/2 



A3A' 



if 



Using Eq. (l36l) . we finally find 



'.^ (u) = 1 + 3(k+ - 3K_af + 6ft;+af ) + ^(k+ + fi:_)(l - 3af + 6af ) Inw 



(137) 
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2 

+C2/^(2m- 1) 

yl/2 



30 



3K_af + 15K+af ) + ^3/^(2^ - l)(lO 



2 

Asi^ 9 

K_a 

Rk 2 



A' 



-3Cr(2n-l)^ 



6nM 



3 15 3 

1 H — K_af + IS/t+af H — (k+ + K-)(1 — 3af + 6af ) Inu 

2 2 2 



(138) 



+ -(«:+ - K_)(l + 3af +6a^)lnM + Cf/^(2M- l)(3K+af - — /t_a 
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+C2/^(2m- 1) 



^3A' ,3 ^'N^ ^ ^3/2 iN-^SA- 



+ -«:+a^ +C3^^^(2«-1) 



+ 



We can easily confirm that = (m) and = 0^ (m) by replacing 

{/€_, af , Ask} ^ af , Ag/^} 'in Eqs. (dSOi), (HSU), dSB, and (USE]). 



In a similar fashion, we can obtain 0^ ^, 



1 + 3k![(1 + 64") + -k'[(1 + 64") InnU 



+^2/^(2^-1) 
6nn 



30 



\hK^a\'] -'iC]!'^(2u-\) 



1 + ^4(1 + lOaf ) + + 6af ) Innu 



(139) 



(140) 



+C2'/'(2«-l)(^ 



f^fj 2 f^fj 2 



where = ^fssf^s/ i^>fr)l^r)) ~ 4k+/3 at leading SU(3) breaking, with /i^ = 3m^/(m„ + mrf + 
4ms) ~ 3m^/(4ms), and a^" comes from the leading matrix element 



{s-s\i^^W5{u-- 



■f ^-Pva - 
-iJs^—^Quu 



1 + afCl^\2u - 1) 



(141) 



n ■ pri^ 2 2 
From the above results, we can check the relation Eq. (198|) neglecting (9(m^/A^). 



In this case, we take 



m^laf , Asif} = 0. As an example, for 0*"^, we have 

/7rAt7r0p + 3/^/i,,0^ = /^/i^ + SfnlJ^n + /7r[l2m^ + 72771^02 + 6ms(l + 6^) Innn 

+C2/'(2n - 1) [30/3. + 90/3, + 60m 



-Cy^{2u - 1) 3/3„U;3^ + 9f3r,UJ3r, 



+ 



(142) 



^IkI^k + 12/7r(?Tis + 6msa2) + 6ms/7r(l + 603) Inuu 
+C2/'(2^i - 1) [l20/3i^ + 60m J,4" 
-12Cl/'(2M-l)3/3i^u;3i^ + ---. 



(143) 



Using Eq. fllOOp in the above equations, we confirm the SU(3) relation for 0*^. We can 
similarly check that the relations for 0^^ and 0*^ are satisfied. 
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VII. CONCLUSION 



In this paper we have studied the hghtcone formahsm for hght pseudoscalar mesons using 
SCET. The hghtcone conformal symmetry is transparent within the framework of SCET, 
with the twist expansion corresponding to the SCET power-counting expansion in A. The 
LCDAs are well-defined in a gauge-invariant way at any given order in A. Relations between 
LCDAs, equivalent to established full QCD results, have been rederived in an independent 
way, not using the term-by-term matching between full QCD and SCET as suggested in 
Ref. 0. 

We also investigated leading SU(3) breaking corrections to the hghtcone formalism. The 
leading SU(3) breaking effects in LCDAs can be realized in SCET as the time-ordered 
products of nonlocal operators and jC^^, the mass term in the SCET Lagrangian. The 
contributions can be categorized as "sea" and "valence" , with the former independent on the 
type of light meson. Thus, the SU(3) breaking effects for each meson can be specified solely 
by the valence contribution. Analyzing these, we obtain leading SU(3) breaking relations 
between the light meson vr, K, r) at leading and subleading order in A, given in Eqs. (179!) and 
( !98|) . The leading and subleading relations Eqs. (!79|) and (p8|) imply the SU(3) breaking 
relations between the decay constants /tt + 3/^ = 4 fx and /i^r -|- 3/i^ = 4 fix- Applying these 
results to the original relations, we easily show 



X 



JK- 



(x) + (j)K+ix) 



x) + 



X 



X 



X 



(144) 
(145) 



which were obtained in Refs. 



0. 
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by applying ChPT to the hghtcone formalism. 
The results presented here could be extended to light vector mesons and can be applied 
to hard processes with energetic particles. For example, our results could contribute to 
the clarification of the difference between B ^ tttt and B ttK under the factorization 
approach. In 77 — 77' systems, the mixing angle could be extracted more accurately allowing 
for SU(3) breaking. More studies in this direction may give significant corrections to present 
theoretical results, and hence allow for better interpretation of experimental data or might 
even help us identify new physics. 
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